Experimental results indicating that the electronic inhomogeneity may be a fundamental property of icosahedral quasicrystals and their approximants are presented.
Introduction
The lattice structure of i-phases opened in 1984 by
Shechtman [1] is based on an icosahedron a polyhedron having symmetry of the fth order, which cannot serve as a unit cell of a periodic crystal. It was evident from the very start that in the course of formation of thermodynamically stable i-phases, a minimum of free energy is possible to achieve only owing to a gain in the kinetic energy of free carriers. To this end, two mechanisms were proposed: structure-induced pseudogap in the density of states of the conduction band, which is traceable to the presence of a long aperiodic order, and electron localization, connected with either short-range order or a peculiar type of disorder.
The hypothesis of pseudogap has experimentally been shown to agree well with the estimates of electronic parameters of i-phases in the limit of low temperatures. These phases possess an anomalously low (≈ 10 [2] . Finally, the hypothesis of structure-induced pseudogap seemed to be a single option.
In the next years, however, several experimental observations served to revive the idea of localized states as an essential factor of the thermodynamic stability of aperiodic structures. * corresponding author; e-mail: prekul@imp.uran.ru shown to be of much localized nature, with a spatial extent of 0.5 nm and the specic electronic states to be localized on topographic features regardless of the presence of periodic or quasiperiodic long-range order [7, 8] .
These results led to a conclusion that the dI/ dV spectra are composed of two contributions: (i) a large pseudogap and (ii) a superimposed modulation consisting of small peaks and pseudogaps [8] . For the rst time it was questioned [9] : What is the inuence of this second characteristic of QC and approximants on the electronic transport? (1) Such behavior is shown in Fig. 1 by solid lines. This contribution is insensitive to changes in the aggregate state of the substance [11] . Hence, it can be ascribed either to short-range order or disorder.
Fig. 1. Singular electronic specic heat (•) and its approximation by two Schottky-like contributions (solid lines).
Thermal Schottky anomalies, in the frame of their traditional interpretation [12] , are related to two-level excitations. In such case, the above results of calorimetric experiments testify to two types/generations of localized states, each of which possesses a duplet structure with a characteristic energy of splitting of discrete/quasidiscrete levels δE 1 and δE 2 , respectively.
The two-component model of electronic structure and mechanism of localization
Based on the calorimetric data described, the electronic structure of the i-phase Al 63 Cu 25 Fe 12 can also be represented as consisting of two components: a) large pseudogap and b) two types of localized states each of which possesses a duplet structure with the Fermi level xed in the center of each duplet. This is a signicant renement of the details of the second component, compared to [9] . In addition, it is by no means excluded that in reality there exist other generations as well, but they are not eective enough to manifest themselves in the frame of the given experiment. The picture of a formal superimposition of the components is schematically shown in Fig. 2 . The presence of other possible generations is shown here by dash-and-dot line. Similarly to [9] , it is reasonable to pose a question: How does each component aect physical properties of icosahedral phases?
The eect of the rst component on the electronic properties of quasicrystals is studied rather well. Owing 
An analysis showed that to separate temperaturedependent components of the conductivity (σ t ), magnetic susceptibility (χ t , and Hall eect (R Ht ) into individual activation contributions, similarly to the case of heat capacity, is extremely dicult, if possible at all. We had been searching for a means to show, without parceling the summed curves, that the curves contain the activationtype contributions. Let us exemplify the above with heat capacity.
The curve C sing (T ) after integration yields the change of the internal energy of a substance U (T ) that comes from two-level excitations and that is a measure of the density of these excitations by denition. The curve is shown in Fig. 3 . It is no diculty to see that if the U (T ) curve is gained via direct measurements, it is impossible to guess that it is a sum of two contributions in the form (2). Meanwhile, an inference is easily drawn that the sign-alternating curvature of this plot is traceable to the interchange of the activation regimes. To ground this, it is sucient to present the total curve U (T ) in coordinates ln(U ) vs. 1/T as is done in Fig. 4a . The interchange of activation regimes manifests itself in the presence of two linear portions.
Using the above approach, we analyzed the experimental curves σ(T ), χ(T ), and R H (T ) obtained earlier [13] for the i-phase Al 63 Cu 25 Fe 12 . The only tting parameter is the value of σ(0), χ(0), and R H (0), respectively. The results of analysis shown in Fig. 4b,c,d, hardly need explanation. All properties demonstrate behavior similar to that in Fig. 4a . The alternation of modes is quite clearly seen. Hence, all properties contain contributions that are conditioned by the temperature dependence of concentration of two-level excitations described by formula (2) , and the more, are connected with the discrete component of the electronic structure.
As for the nature of the second component, judging from the above described X-ray and tunnel experiments, it is conditioned by the short-range order, which is supported by the fact that manifestations of the second component are the same both in the i-phases and approximants. It is interesting to verify this fact if to take the alternation of modes of thermal activation as a manifestation of the second component.
The objects of X-ray investigations in [3, 4] , where direct proofs of the role of short-range order were obtained, were i-phases AlPdRe and cubic approximants of the systems AlMnSi and AlReSi. We performed the relevant analysis of data, both ours [13] and available in literature [14, 15] , on the electronic properties of these objects 90ties but yet, has not been either called for or given a satisfactory explanation. We mean the so-called Inverse Matthiessen Rule [17] . According to this rule, the electron transport in quasicrystals is controlled by additive contributions to conductivity rather than resistivity, as in metals.
Finally, in the approximation of autonomy of components, a curious situation arises in the case of total localization of initial valence electrons. The system turns out a narrow-gap semiconductor that shows up the whole bulk of the above-considered singular thermal eects. By the way, this takes place in Kondo-insulators [18, 19] . It is quite possible that the role of covalent binding in localization is not restricted to only icosahedral phases or approximants with quasicrystalline short-range order.
